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o 

This article presents an extended model of gravity obtained by gauging the AdS-Mawell 
^ algebra. It involves additional fields that shift the spin connection, leading effectively 

, to theory of two independent connections. Extension of algebraic structure by another 

tetrad gives rise to the model described by a pair of Einstein equations. 
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Q . It was shown in the recent works^'^ that it is possible to extend the Poincare algebra 

by extra charges, which are related to a constant background Maxwell field. Such 
$-H ' algebra is called Maxwell algebra. Unfortunately Maxwell algebra can not be used to 

gauging the theory in geometrical way,^ because, like the original Poincare algebra, 
it does not possess a non-degenerate ad-invariant inner product. Therefore as a first 
step to gauge Maxwell algebra one has to form its (Anti) de Sitter extension, which 
reads^"^ 

^ . 

^ . [Mab, Med] = -t{VacMbd + VbdMac - VadMbc ~ VbcMad) , 

(N : [Mab, Vc] = -tiVacPb - VbcVa) , 



(N 



[Va, Vb] = i{Mab + kZab), [Zab, Vc] = (1) 

[Mab.Zcd] = -iiVacZbd + VbdZac ~ Vad^bc - VbcZad): 
[Zab, Zed] = +ikir]acZbd + rjbdZac - VadZbc - rjbcZad) ■ 



X 

, with k = +1 for dS-Maxwell, fc = — 1 for AdS-Maxwell algebra and 

a, &, • • • = 0, . . . , 3. 

Gauging this algebra one gets the connection 

= ^uj^^'Mab + \elVa + \htZab , (2) 



and its curvature 



= \ Kl Mab + ^T;, Va + \ G^t Zab (3) 



which makes it possible to construct a gauge invariant action in the form of a 
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constrained topological BF theory.® This action reads^ 
167r S{A, B)= j 2(S«4 A F„4 - ^S"^ A B,i) 

A Fab - a Bab - je'^^'^'^Bab A B,a 

A Gab - ^C"" A Cab - \e^'''^Cab A Ccd 
-/JC"^" A Bab - \e'^'""'Cab A Scd , (4) 

where C"'', B"^, B"^ are auxiliary fields. By construction the action (4) is manifestly 
diffeomorphism-invariant and possess local Lorcntz and Maxwell symmetries, but 
the translational part of (A)dS-Maxwell symmetry, generated by P is broken.^'® 
After eliminating the auxiliary fields by solving their field equations the action (4) 
takes form 

167r5(a;, /i, e) = ^ Qm«'"=''F„6 a F^^ - ^ T« A (5) 



-/ 



\N'^''-\Gab + Fab) A (Gab + Fab) : 



where 



and 



71 j-afe _ ^ ( P siab ^ab 



j^abcd _ (P Q') [ P P_^abcd _ ^abcd 



(o- - a)2 + - \<j-a 
Since the last term in (5) is a topological invariant^ this action describe pure gravity. 

The algebra (1) can be further extended by adding yet another translational 
generator TZa with the commutation relations 

[7^a, Kb] = iZab, [Pa, Tic] = , (6) 



= ^^/"-Mafc + ^e^T'a + -h';^Zab + ^f^Ha , (8) 



[Mab, P-c] = -iiVacPb - ribcPa), [^ab, T^c] = -i{VacT^b " VbcT^a) ■ (7) 

The gauge connection becomes 

and the gauge curvatures take the form 

pab _ r>ab , J_c„a fa _ „a 6 \ rpa _ r)OJ a _ r)ui a /n\ 
Qab r)^hab _ r)<^ uab _ ]_(f,a b _ b \ 

+ {hi^Kj> - hi^hj)~^{f;ft f^f^) , (10) 

= D^^fu - D'^i; + hfUb - K'Ub. (11) 



^It is combination of the Euler and Pontryagin invariant for shifted connection ui + h. 
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The total action is slightly different from (4) and equals 

^ ^{AdS— Maxwell) _|_ 2 ^ ^ 



(12) 



The crucial observation is that after adding the new generator, the action (5) is not 
topological anymore because the expression (10) has changed. If the connection is 
shifted by the Maxwell field i.e., = a; + /i, which is equivalent to changing the 
basis of the Lie algebra by — >■ — Z. the last term of (5) becomes another 
Einstein action for connection tu, tetrad /, and with cosmological constant A' 



where H^t,v\poY'^ is curvature of the shifted connection, and A' = Zjt' (see eq. 8). It 
follows from the field equation derived from (12) that the torsion of the connection 
vo vanishes 



It is worth recalling that the model of Einstein pair was previously discussed in a 
similar context in Ref. 9, but there the existence of another tetrad, and the torsion 
equation was introduced by hand. Here the tetrad emerges naturally as a result 
of the algebra enlargement, and satisfies field equations, which forces torsion to 
vanish. However, there is not interaction term between tetrads, which is crucial in 
bi-gravity theories such as the f — g model. It was pointed out in Ref. 9 that one 
can add such gauge invariant term, but it is not possible to obtain it by enlarging 
the (A)dS algebras. We will present a more detailed discussion of these algebras 
and their physical applications in a separate paper. 
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dr + ^\ 



A = = . 



(14) 



